Introduction
Dragon fruit (Hylocereus sp.) or pitaya, have been grown in Vietnam for at least 100 years, following their introduction by the French (Mizrahi et al., 1997) . More recently, it has been established as a backyard and orchard plant, providing fruit to the local and export markets in South East Asia and Europe. In Malaysia, the dragon fruit originated in Johor and Pahang is widely commercialized. This is a very nutritional and delicious fruit that contains high amounts of vitamin C and dietary fiber. The fruit is juicy, with a delicately sweet and lingering and highly appreciated when served chilled and cut in half to reveal the attractive colors. It contains anthocynine which is a natural antioxidant (Wu et al., 2006) known to fight cancer, heart disease and lower the blood pressure. In Malaysia, the dragon fruit has been widely commercialized. It is extensively used in the food industry. Their use as constituents of juices, jellies, marmalades, jams, wine, beverages, etc. generates a consumer market with an increasing demand.
Although many researchers have investigated the characteristics and physical properties of dragon fruit, in general, the rheological behavior of dragon fruit juice are not so carefully studied. Despite the health benefits, information on its rheological behaviors have become increasing important as it had been commercialized widely by a few of the major labels that have incorporated dragon fruit juice into their bottled fruit drinks (Mcguier, 2005) .
Generally, dragon fruit juices have a limited shelf life and are susceptible to microbial spoilage and enzymatic activities and thus special treatments, particularly thermal treatment or pasteurization process is used to inactivate microorganisms and enzymes. These processes involve the transportation of dragon fruit juice under continuous flow in the pipeline. The dragon fruit juice is pumped and sheared prior to being filled into the container. Thus, the rheological data over the range of temperature would provide insight into rheological characteristic of the dragon fruit juice which is essential for pumping system and equipment design and analysis of various processes. The rheological data on dragon fruit juice at different concentrations are also essential because varying the dragon fruit juice concentration often lead to dramatic changes in their viscoelastic behavior. The applications of the dragon fruit juice are also varied depending on their concentrations, for instance, thick dragon fruit juice normally use for making health drink while thin dragon fruit juice is use for coloring or wine.
In addition, Rao (1999) explains that rheological data are useful in estimating velocity, shear and residence time distribution in extrusion and continuous mixing. Information obtained from rheological study is also important in the development phase of a new product, relating the properties with sensory towards understanding consumer perception of food texture, provide their shape but take the shape of important measurement technique (Borwankar, 1992) .
The study was undertaken to obtain the data on flow properties of dragon fruit juice and the physical properties of two different concentrations (10 o Brix and 12 o Brix) of dragon fruit juice. The regression equations or the models that can be used to describe the relationship between the range of temperature and physical properties of the juice are proposed.
Materials and Methods
The constituent of dragon fruit juice is determined by proximate analysis where mass fraction of protein, fiber, ash, fat, moisture content and carbohydrate in the juice is found. For physico-chemical properties of dragon fruit juice, the pH and water activity of the juice were determined. The thermophysical properties, i.e. specific heat capacity and density of the dragon fruit juice were also obtained. In this study, the rheological properties of dragon fruit juice were investigated by imposing a series of shear rate on the sample and measuring the shear stress developed at different concentrations and temperatures. The detail description of the material, equipment, and experimental methodology as well as the data analysis method was presented in the following sections. The tests carried out on dragon fruit juice were summarized in Figure 1 .
Preparations of Samples
Fresh dragon fruit was obtained from a local market. The type of dragon fruit (pitaya) used in this study is Hylocereus Polyrhizus, with purple red flesh planted in Sungai Pelek, Selangor. After the skins were removed, the flesh was cut into small pieces and was blended until it becomes pure juice and was filter with a mesh cloth to remove the seeds from the juice. Samples of juice at 2 levels of concentrations namely 10 and 12 o Brix were prepared. The concentrations of juice were measured by using an ATAGO model Refractometer at 25 o C.
Proximate analysis
The proximate analysis is a method used to determine the proximate principles for food or fluid analysis. The standard procedures based on a system introduced initially by two German scientists, Henneberg and Stohmann (1860 
Determination of moisture content
Moisture content of dragon fruit juice samples was determined using microwave oven drying method. In this method, the samples in the labeled, dry and clean crucible were heated in Mermet Oven, Model 500 from Swarbach at 105qC for about 24 hours. The drying process have been repeated for further 30 min periods until successive weighing differ by less than 0.1% of the original mass of food sample. The moisture of the sample is calculated via the loss in weight of the sample on drying process.
Determination of ash content
The "ash content" is a measure of the total amount of minerals present within a food. Samples with known weights are burned to white ash without black particles. Crucibles containing ash are cooled in desiccators and weighed.
Determination of crude protein by Kjeldahl method
The protein content can be determined from the analyses of any protein component like carbon or nitrogen, amino acid group or peptide chain. The analysis of protein was carried out using Kjeldahl method (Kjeldahl, 1883) .
Determination of crude fiber by Weede method
Weende method (Henneberg and Stohmann ,1864 ) was used to evaluate crude fiber by performing acid and alkaline hydrolysis followed by washing, filtration and ashing.
Determination of crude fat by Soxhlet method
The Soxhlet method is widely used in determination of crude fat.
Determination of carbohydrates
The content of carbohydrate is determined by Equation (1):
% of Carbohyrate =100 -(%Moisture + %Fat + %Protein + %Fiber + %Ash) (1)
2.3
Physico-chemical properties
Water activity
The water activity of dragon fruit juice was determined by using AQUALAB Water Activity Meter: Series 3TE where the sample was placed into it and the start button was pressed.
2.4
Thermophysical properties
Specific Heat Capacity
Choi and Okos (1986) suggested the following equation for products containing n components: ȱȱ
The temperature dependence of specific heat of major food components has been studied. The specific heat of pure water, protein, fat, carbohydrate, ash and fiber at different temperature can be expressed empirically in kJ/kg· o C according to Choi and Okos (1986) 
where the unit of temperature (T) is in ( o C) in these equations.
Using the specific heat correlations (Choi and Okos, 1986) as described in equations (3) to (7), specific heats of dragon fruit juice of each component at 10 and 12 o brix and various temperatures are calculated. Introducing these results into Equation (2) and using the composition of dragon fruit juice obtained from proximate analysis, the specific heat of dragon fruit juice at different temperature is determined. The calculations were repeated for other specific heat values by using spread sheet.
Density
For liquid foods, Choi and Okos (1986) suggested the following model by using the compositional information on liquid foods: 
2.7
Rheological properties analysis
Rheological Measurement Equipment
The rheological measurements were carried out using a computerized Rotovisco RT12 (Haake) viscometer. A series of shear rate was imposed and the resulting shear rate was recorded. Test sample at 10 and 12 o Brix were set to shear at fifteen level of shear rate ranging from 1 to 150s -1 The levels of shear rate chosen were 1, 10 ,20 ,30 ,40 ,50 ,60 ,70 ,80 ,90 ,100, 110 ,120 ,130 ,140 ,and 150 s -1 . The tests were also conducted at eight levels of temperature namely 5, 10, 15, 20, 25, 30, 35, and 40 o C. Tests were replicated thrice for each concentration and temperature with different fresh sample for each measurement. The summary of experimental design was presented in Table 1 . 10 ,20 ,30 ,40 ,50 ,60 ,70 ,80 ,90 ,100 ,110 ,120 ,130 ,140 ,and 150 Dependent variable : Shear stress Replication : Thrice
Rheological Models
The rheological data were evaluated by employing selected rheological models. They were:
Result and Discussion

Proximate Analysis
The proximate analysis was determined at 10 and 12 o Brix. Table 2 shows the proximate composition obtained from experiment. As expected, the higher concentration of juice has higher composition in each component except for moisture content. Morton (1987) as shown in Table 3 . There are some difference between the reported proximate content and the experimental composition. This is probably due to the different maturity, species and varieties of dragon fruit used.
3.2
Physico-Chemical Properties
Water Activity, a w
As expected, the water activity of the more concentrated sample, 12 o brix is slight lower than the sample at 10 o brix. This is due to the colligative effects of dissolved species (e.g. salt or sugar) interact with water through dipole-dipole, ionic, and hydrogen bonds. Consequently, the sample at 12 o brix, with higher solid content, will have lower vapor pressure contributing to the results of lower water activity as compared to sample at 10 o brix. 
Thermophysical Properties
Specific Heat Capacity
The specific heat capacity of dragon fruit juice at 10 and 12 o brix is determined from the average value of specific heat capacity at different level of temperatures. These values are found to be 3.93 kJ/kg o C for sample at10 o brix and 3.88 kJ/ kg o C for sample at 12 o brix.
Density
Based on proximate analysis, densities were calculated according to equation (8) where the densities of pure components were calculated using the densities correlations given by Choi and Okos (1986) . The values of densities obtained from computation at several temperatures at 10 and 12 o Brix are shown in Table 4 . The trend of the values of density decrease with the increasing temperature and an increase in soluble solids contents. This indicates that juice at high temperature will have lower density. As temperature rises, the molecules gain kinetic energy and goes apart and material occupies larger volume than when it is cold. Thus, the decreasing density at increasing temperature is due to the dragon fruit juice at larger volume with constant mass (Morton, 1987) . 
Rheological Study
Rheograms of dragon fruit juice at 10 and 12 o brix at temperature range from 5 to 40 o C were illustrated in Figures 2 and 3. Clearly, both figures show a nonNewtonian behavior, shear-thinning (pseudoplastic) fluid exhibited by dragon fruit juice. It can be observed that for a constant shear rate value, the shear stress value decreased with increase in temperature. The experimental data were then fitted to the time independent, non-Newtonian model, i.e. Bingham Plastic, Power Law and Casson model by using statistical software, SIGMAPLOT 8.0. Thus, the R 2 value and the model fitting graph were compared to evaluate the performance of the model.
Comparative Performance of Selected Rheological Model
The experimental data were then fitted to the time independent, non-Newtonian model, i.e. Bingham Plastic, Power Law and Casson model. Thus, the regression value and the model fitting graph were compared to evaluate the performance of the model. 
Power Law Model
One of the most widely spread models is the so-called power law for approximation of viscosity data. Power law model contains only two parameters (K and n) that can describe shear stress-shear rate data, thus it is used extensively to characterize fluid foods. The main reason for the power law being so popular is that the shearing rheological behavior of a fluid is represented simply by a straight line in a log-log shear rate-shear stress graph (Steffe, 1996) . Figure 5 shows the performance of power law model for dragon fruit juice for concentrate at 10 o brix at different temperature. The experimental values for the consistency indices, flow index behavior, and Regression-squared obtained for power law model are listed in Table 5 . The results showed reasonably good fitting to Power Law model with high R 2, i.e. 0.999 for concentrate at 10 o brix and in the range of 0.993 to 0.996 for concentrate at 12 o brix. It is seen that the flow behavior index of the samples is between 0.32 and 0.37. As indicated by Holdsworth (1993) these samples are exhibiting the nature of pseudoplastic. Thus, shear-thinning flow behaviour is found at both samples where n < 1. However, there is no trend for n values with temperature. Hence the overall average value of
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International Journal of Food Engineering, Vol. 4 [2008] , Iss. 7, Art. 4 DOI: 10.2202 /1556 -3758.1519 n is 0.369 for sample at 10 o brix, and 0.326 for sample at 12 o brix. As expected, at constant shear rate, the increase in temperature will result in a decrease in shear stress. Thus, the consistency index, K is observed to decrease systematically with temperature.
In contrast, at constant shear rate, an increase in concentration will also caused an increase the shear stress as shown in Figure 6 . According to Kokini, (1992) , the consistency index, K increased exponentially while the flow behavior index n decreased slightly with concentration. This fact is compatible with the result shows in Table 5 as it is observed throughout the range of temperatures, the flow index behavior at lower concentration (10 o brix) is slightly higher than the sample at higher concentration (12 o brix). As for consistency index, K for 12 o brix is two times larger than K for 10 o brix. Higher value of consistency index, K indicate their more viscous nature probably result from the larger number of particle present in the sample. Particles such as pectins contribute to the viscous behavior of the sample. Besides, the particle size also contributes to the effect of viscosity in the sample. Larger particle size will results in higher value of consistency index. l for dragon fruit juice for temperature o C at different concentrations.
Casson Model
particle size distribution on the flow behaviour of pigmen l.
at 10
The Casson model had been reported to applied widely in the range of food products such as molten chocloate, fruit purees, gums and tomato products (Holdsworth, 1993; Sahin & Sumnu, 2006; Rao, 1999) . Casson model are closely related with the effect of t-oil suspensions. The experimental results of shear stress and shear rate were adjusted to fit Casson mode There are two parameter determined from Casson model, namely, yield stress, and the Casson plastic viscosity, Ș Ca . Figure 7 shows The dragon fruit juice samples exhibited definite yield stress due to significant particle-particle interactions and crowding. Throughout the range of temperature studied, it is observed that the yield stress, obtained for dragon fruit juice at 12 o brix is about two times higher than the yield stress of the juice at 10 o brix. This fact is proven to be true from the proximate analysis result which shows that the mass fraction of carbohydrate in dragon fruit juice at 12 o brix is larger than the mass fraction of carbohydrate in the mentioned juice at 10 o brix. Carbohydrate measured is equivalent to the amount of sugar content in the juice. Since sugar content plays a major role in the magnitude of the viscosity (Ibarz & Pagan, 1987; Rao et al, 1984) , thus, higher sugar content will results in higher viscosity. Also, there more particles (e.g. pectin, sugar content, fiber) present in the 12 o brix sample which cause the crowding occurs. Generally, a true value of yield stress is essential for the optimal design of food-processing systems such as those required during thermal processing (Steffe, 1992) . Casson plastic viscosity of sample at 10 o brix is slightly lower than the sample at 12 o brix. This property represents the limiting viscosity of the material at infinite rate of shear. Figure 8 indicates a decrease in yield stress with temperature at constant shear rate. This is due to the reason that, as temperature increase the particle-particle interactions have been significantly reduced. The particles gain energy and vibrate locally causing some structure responsible to yield stress is destroyed.
Apparent Viscosity, Ș a
Apparent viscosity, Ș a is plotted as a function of shear rate as shown in Figures 9 and 10. It is observed that the apparent viscosity decreased with the increasing shear rates for dragon fruit juice with concentration of 10 and 12 o brix. Also, at constant shear rate, Figure 9 illustrates that the temperature have a direct effect on the apparent viscosity as the results shows the apparent viscosity decrease with increasing temperature.
If given sufficient time to equilibrate, i.e. conduct the experiment with a larger data range of shear rate (e.g. 0-1000 s -1 ), the apparent viscosity is expected to decrease until they reach a constant value, i.e. Newtonian viscosity, μ (Hamniuk et al., 2006) .When shear force, associated with temperature, was applied, the particles would undergo rearrangement among themselves in a direction parallel to the shear force. The particle-particle interaction is disrupted as particles tends to undergo vibration at higher temperature. Also, at higher temperature, many big particles would break into smaller particles. For example, the globular protein molecule may unfold or break into chain segments if render in a high temperature environment. This would results the.particles in the fluid to flow easily due to the reduced particle-particle interaction and less restriction in flow. Thus the viscosity of the fluid decrease.
In Figure 10 , it is also observed that for concentration of the juice at 10 o C, the apparent viscosity decreases at a faster rate for higher concentration than at low concentration (Khandari et al., 2002) Thus, flow is relatively unhindered (Steffe, 1996) . Rao (1999) suggested that such behavior exhibits by dragon fruit juice probably show the rearrangement in the conformation of the biopolymer molecules of dragon fruit juice in the dispersion due to shearing. The chains in the juice undergo gradual rearrangement with shear rate resulting in a power law behavior.
Effect of Temperature on Viscosity
Temperature has an important role on rheological characteristics of any food products. Typical shear stress versus shear rate values for dragon fruit juice is shown in Figure 11 . This figure indicates that shear stress increases with shear rate at different temperatures. The rheogram of higher temperature shows an increase at a slower rate in comparison to lower temperature. This also reflects the typical pseudoplastic characteristic where viscosity decrease as the shear rate increases. The effects of temperature on the viscosity of dragon fruit juice at a specified shear rate were determined. The applicability of the Arrhenius model to describe the effect of temperature on the apparent viscosity (equation 19) at a constant shear rate of 100s -1 and the consistency index (equation 20) of the power law model were investigated.
As expected, the temperature effects on apparent viscosity of dragon fruit juice at 10 o brix shown in Figure 12 i.e. the apparent viscosity was reduced with increasing temperature and shear rate. From Figure 13 , it is observed that the consistency index and apparent viscosity decrease with increasing temperature. The aforementioned figure shows that the applicability of the Arrhenius model relating to apparent viscosity, Ș a provides a better regression than consistency index, K. The parameters obtained from Arrhenius model by curve fitting is tabulated in Table 6 . In this study, the magnitudes of activation energy of the samples for the entire temperature range were determined by linear regression analysis. It seems that sample at lower concentration, 10 o brix, using the apparent viscosity at 100s -1 for the Arrhenius model, gives a better fit (R 2 =0.988) than consistency index for the Arrhenius model (R 2 =0.755). However, since R 2 for both cases were greater than 0.71, these values indicated follow Arrhenius model adequately. From Table  6 , the magnitude of activation energy increase with the concentration. The result attained is analogous to the relationship of activation energy of concentrated apple and grape juice which increase exponentially with the concentration (Rao, 1999) . This is owing to the important role of sugar content on the activation energy of the dragon fruit juice. However, there is a slight increase in the magnitude of activation energy relating to consistency index, K with the concentration. In contrast, a significant increase in activation energy relating to apparent viscosity with concentration is observed. This is because activation energy value indicates the sensitivity of the apparent viscosity to the temperature changes. Higher activation energy means that the apparent viscosity is relatively more sensitive to temperature change (Kaya and Sozer, 2005) .
In order to express the complete model relating, giving shear stress as a function of temperature and shear rate, the consistency index, K [equation (20)] is substitute in to equation (17) as shown below:
Eight levels of temperature are considered to generate the parameters of this modified power law model. The detailed computations and data transformed followed the methods proposed by Steffe (1996) .
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International Journal of Food Engineering, Vol. 4 [2008 ], Iss. 7, Art. 4 DOI: 10.2202 /1556 .1519 As a whole, the changes in rheological properties of dragon fruit juice as a function of temperature are in agreement with the findings reported on the raspberry and tomato juices as by Ibarz and Pagan (1987) . In addition, decrease in consistency index of guava puree, orange juice and clarified apple juice with increasing temperature has also been reported by Vitali and Rao (1982) , Ibarz et al. (1994) and Constenla et al. (1989) , respectively.
Effect of Concentration on Viscosity
The effect of concentration, C of dragon fruit juice on either apparent viscosity, Ș a or the consistency index, K of the power law model can be described by either exponential or power law relationship. In this study, exponential relationships as shown below, at four level of temperature ( 
Equations (26) and (27) were linearized to ease the data analysis by linearsquare regression. In these equations, the terms other than viscosity, consistency index, apparent viscosity at constant shear rate and concentrations were calculated at different temperatures by regression analysis and their magnitudes were tabulated in Table 7 .
It is important to note that the consistency index and apparent viscosity decrease as concentration decreased. This agreed with the findings reported by Vitali and Rao (1982) , Bayindirli (1993) and Ibarz et al. (1994) who showed that the apparent viscosity decreased as the concentration of the guava puree, grape juice and orange juice decreased, respectively. A decrease in Ș a or K will increase the flowing rate of juice due to less resistance flow (Earle, 1985) . Thus if dragon
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Master Curve
Master-curves can be very useful in comparing data from different products such as concentrated orange juice made from different varieties of oranges (Steffe, 1996) . A reference temperature of 15 o C will be used in developing a mastercurve of the experimental data. Developing a master curve requires a horizontal shifting of the data at 5 o C, 10 o C, and 40 o C to the 15 o C curve. A dimensionless shift factor (a T ) is numerically found to account for the movement of each curve. Shear stress versus shear rate divided by the shift factor are plotted to produce master curve. The shear stress, Ĳ of dragon fruit juice with concentrate at 10 and 12 o brix of 10 Pa will be used as the basis for determining . The calculation for shear rates and shift factors is described in the works by Steffe (1996) . The master curves were produce from the aforementioned data is illustrated in Figures 14 and  15 . Multiple regression analysis indicated Master-Curve presents good agreement for dragon fruit juice at both concentrations studied with R-squared, R 2 >0.9.
Conclusion
Dragon fruit juice exhibited different flow behavior at the concentrations studied. More than one model are required to characterize the rheology of dragon fruit juice and provide adequate fitting of the experimental data over both (10 and 12 o brix) concentrations studied. The experimental data indicate the presence of yield stress term, i.e. exhibiting the non-Newtonian Model. Thus, the Bingham Plastics Model, Power Law Model and Casson Model were fitted to the experimental data to compare their performances in describing the experimental data. Linear regression analysis shows good agreement for all three models applied in this study. Bingham Plastics Model shows that dragon fruit juice exhibits plastic behavior with a yield stress Ĳ o. Power Law model indicates that Dragon fruit juice presents a pseudoplastic behavior for all concentrations and temperature studied, as the flow behavior indices, n obtained is less than 1 i.e. ranging from 0.32 to 0.37. For Casson Model, the limiting value of the stress below which the dragon fruit juice cannot be sheared and the Casson plastic viscosity are determined.The analysis of apparent viscosity curve for dragon fruit juice shows a typical shear thinning behavior. This is due to the high water content of dragon fruit juice contributing to the lubricating effect between the particles. Thus, flow is relatively unhindered. Also, the biopolymer chains in dragon fruit juice undergo gradual rearrangement with shear rate contributes to the shear thinning behavior. The data of apparent viscosity provides useful information on dragon fruit juice processing equipment design.
The effects of temperature were described by an Arrhenius model, either on consistency index or apparent viscosity at a constant shear rate. From the analysis, it was found that application of Arrhenius model in apparent viscosity at constant shear rate and at lower concentration (10 o brix) provides a better regression as compared to the consistency index and at higher concentration (12 o brix). Master-curves obtained from the experimental data of dragon fruit juice presents good agreement at both concentrations studied. It can be very useful in comparing data from different products such as concentrated dragon fruit juice made from different varieties of dragon fruit species. 
